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As seen from Table 2, accuracies of segmentation 
obtained by using global centroids and local centroids are
comparable except for 3 head regions (grey shaded). In head 
regions of Patient 1 and 4, the use of global centroids
resulted in oversegmentation (Fig. 9). However, in head 
region of Patient 2, it achieved higher accuracy (Fig.10).
This inconsistency occurs due to the appearance of noise
such as hair, eyebrow, lips, and specular reflections on head 
region. In head region of Patient 1 and 4, the area of lesion 
segmented using global and local centroids were comparable.
However, the use of global centroids yielded more
misclassification. In head region of Patient 2, segmentation 
using local centroids was able to segment the lesion better 
than using global centroid. Nevertheless, it also 
misclassified more noise. However, head region contributes
only 10% of total PASI scoring. Thus, lower accuracy (~70 
%) on this region is still acceptable in scoring PASI Area.
Generally, results of segmentations of psoriasis lesion on 
hue-chroma plane using global centroids are comparable
with segmentations using local centroids.
(a) (b) (c)
Figure 9. Segmented lesion of head region of Patient 1: (a) reference, (b)
using local centroids, and (c) using global centroids
(a) (b) (c)
Figure 10. Segmented lesion of head region of Patient 2: (a) reference, (b)
using local centroids, and (c) using global centroids
IV. CONCLUSION
Segmentation on hue-chroma plane of CIE L*a*b* colour 
space are found to be effective method to extract psoriasis
lesion from normal skin. Centroids of normal skin and 
psoriasis lesion on hue-chroma plane are calculated from
selected samples. In this work, accuracies of above method 
obtained by using local and global centroids are compared.
Results show that segmentation using global centroids is
comparable with segmentation using local centroids. Thus,
allowing calculating PASI Area score automatically.
The proposed method forms one of the components for 
PASI scoring that will allow dermatologist to monitor 
psoriasis lesion using the PASI standard in practice. The
authors are currently investigating methods for determining 
other PASI parameters such as erythema, scaliness and 
thickness.
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 
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        
 
I.INTRODUCTION 
Traditionally the switching for conversion of DC to DC 
hasbeendonewithwhatisknownaspulsewidthmodulation 
orPWM.Thistechniqueisefficientandhasbeenusedinthe 
past toagreatextent.However, theuseofaPWMconverter 
has its drawbacks. The converter’s instantaneous switching 
allowstheswitchtoturnonwhenthevoltageisatamaximum 
and thus causing switching power losses. Unfortunately 
switching power loss worsens as converter’s switching 
frequencyincreases.Theuseofanauxiliarycircuitcalledthe 
snubber has brought some results that have decreased 
switching losses, but not necessarily the overall losses of the 
converter. There is a better method called the softswitching 
method. 
Through the use of softswitching, the switch will 
transition from its onstate to its offstate (and vice versa) 
whileeithertheswitch’svoltageorcurrentisatzero.Thiswill 
prevent the occurrence of switching losses. Softswitching 
topologies are broadly characterized into two types: zero 
voltageandzerocurrent. Zerocurrent iswhen theswitching 
transientsaremadeat,orcloseto,azerocurrentlevel.Zero 
voltageiswhentheswitching transientsaremadeat,orclose 
to,azerovoltagelevel. 
One way to implement softswitching is by means of a 
resonantcircuit.AresonantcircuitcommonlyinvolvesanLC 
tank thatwill reshape theswitchingwaveform toa sinusoidal 
shape, thus naturally bringing the current or voltage of the 
switch to zero.  This paper will focus on the zerovoltage 
switching (ZVS) of a quasiresonant (QR) boost converter. 
The name quasiresonant must owe to the fact that these 
converters are not completely resonant. The resonance only 
takes place during the offtime of the switch, not continually 
duringtheswitchingprocessasinfullyresonantsystems. 
  
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The control of these quasiresonant converters can be 
complex, to say the least.  Traditionally the control has been 
analog based, but as we step into the future we see a digital 
world emerging. Among earlier introductions of zero voltage 
switchingarethosepresentedbyVinciarelli[1],Buchanan[2], 
andMiller[3].Theirinitialideasconcerningthetopicwenton 
toencourageothers.Most importantof theseareLee [4], [5] 
[6],andhiscoauthorLiu[7],[8].Workingwiththesetwoand 
onhisown,wasOruganti [9], [10]whopresentedstateplane 
analysis of resonant converters. Kazimierczuk wrote some 
important papers concerning zero voltage switching and 
resonantconverters[11],[12],[13].Despitethis, thestudyof 
ZVS QR quasiresonant converter seems to have limited 
coverage.Inparticular, theconverter thatproposes touse the 
ZVS in conjunction with the boost converter has rarely been 
covered in the literature. In addition, digital control 
implementation of ZVS QR boost has not been discussed 
anywhere. Therefore, the objective of this thesis is to first 
developamathematicalanalysistounderstandtheoperationof 
theZVSQRboostconverter.Then,computersimulationwill 
be performed to prove the mathematical analysis. Finally, 
hardwareimplementationusingdigitalcontrolwillbedesigned 
andbuilttoinvestigatetheoperationoftheconverter. 
II.ZVSQRBOOSTCONVERTER 
 
 
The quasiresonant boost converter is very much like a 
conventional PWM boost converter.  The main difference is 
that a resonant LC circuit has been added as a resonant tank 
aroundtheswitchinordertocreateasoftswitchingsituation. 
 
 
There are two types of resonant switches for quasi 
resonantconverters.TherearelabeledLtypeandMtype.Out 
ofthesetypesofresonantswitches,therearehalfwavemode 
and fullwave mode varieties. Figures 1 to 3 show the 
representationsoftheMtyperesonantswitches.Asillustrated 
in these figure, the Mtype has a unique property that the 
resonantcapacitorisalwayslocatedacrosstheswitch. 
 
 
Fig.1.Mtypeswitch 
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 
 
Fig.2.Mtypehalfwavemodeswitch 
 
 
Fig.3.Mtypefullwavemodeswitch 
 
C.MTypeZVSQRBoostConverterModesofOperation 
ThecircuitpresentedinthispapercanbeseeninFigure4. 
Thecircuit is a conventional boost converter with an Mtype 
resonantswitchreplacingthesingleswitch.. 
  
 
 
 
 
 
 
 
Fig.4.ZVSQRboostconverterwithMtypeswitch 
 
The circuit could be further simplified by modeling the 
input side as a constant current source,while the output as a 
constantvoltagesource.ThisisshowninFigure5. 
 
 
Fig.5.SimplifiedZVSQRboostconverterwithMtypeswitch 
 
 ThewaveformforcircuitanalysisispresentedinFigure6to 
helpvisualizewhatishappeningduringthedifferentmodesof 
operation. Unlike the conventional PWM Boost Converter, 
which has two modes of operation, the quasiresonant boost 
converter has four modes of operation. They are generally 
known as the capacitor charging mode, resonance mode, 
inductor charging mode, and freewheeling mode. 
Mathematical analysis of each mode is presented in the 
followingsection. 
  
Fig.6.ZVSQRboostconverterwaveform 
III.MATHEMATICALANALYSIS 
 
A.CapacitorChargingMode(0≤t≤t1) 
FromtoinFigure6,theswitchisopenandthediode 
isoffandthecircuitisnowshowninFigure7. 
 
Fig.7.Capacitorchargingmode(switchoff,diodeoff) 
 
Just before this stage at    the switch is closed and 
diode is off. At   the switch is turned off and the diode 
staysoff.Thecurrentthroughtheinductorisequaltotheinput 
current,andisthepeakcurrentataconstantvaluerunning 
through the inductor. Therefore, the inductor voltage is zero. 
Theinputcurrentisalsoequaltothecapacitorcurrent: 
 =  =  =         (1)     
Solvingforthetimeatyields: 
 (1) =  =   1         (2)  
Thetimet=t1canbecomputedbyusingequation(2): 
 ×                   (3) 1 =   
Thevoltageacrossthediodeistherefore: 
  () =  −  () =  −        (4)     1 
Equation(4)showsthatwhenthecapacitorvoltagereaches 
at,diodevoltageiszeroandthediodeisreadytoturnon. 
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 
B.ResonanceMode(t1≤t≤t2) 
Duringthismode,t1≤t≤t2inFigure7,theswitchisstill 
open and the diode becomes forward biased and begins 
conductingcurrent.Figure8showsthecircuitofthisstage. 
 
 
 
 
 
 
 
Fig.8.Resonancemode(switchoff,diodeon) 
 
When the time  becomes equal to  the switch remains 
open but the diode turns on. The capacitor voltage becomes 
equaltotheoutputvoltage.Theinductorcurrentalsobeginsto 
descend at this point in timedue to the fact that inductor,  
and capacitor,  are resonating. This implies that initially, 
 (1) =  and  (1 ) =  .ByusingKVL:    
  +  () =            (5) 
   
SolvingthedifferentialequationusinginitialconditionIIN: 
 () =  cosω ( −  )         (6)   1
Thecapacitorvoltageisexpressedas: 
1  ( ) =  cosω (λ − )    (7)  λ + ∫   1  1 
whichsimplifiesto: 
 () =  +   sinω ( − 1)     (8)     
Equation(8)showsthatthepeakcapacitorvoltageis: 
 ( ) =  +            (9)   
Solvingforresultsinthefollowingequation: 
        =  + 1 sin −1  π     (10) 2 1   + ω  ×       
 
C.InductorChargingMode(t2≤t≤t3) 
Duringthismode,theinductor’smagneticfieldischarged 
as the current passes through its coils. Also, the switch is 
closedandthediodeisforwardbiasedorconducting.Figure9 
showshowthecircuitappearsduring thisstage.The inductor 
currentisrisinglinearlyaccordingtotheequation: 
    =   =             (11)  
Thecapacitorvoltagehasreachedzeroat the time theswitch 
is closed. The switch and the diode are both conducting. 
Placingadiode in antiparallel with the capacitor clamps the 
negative going voltage of the capacitor, referred to as half 
wavemode.Initiallyat,  (2 ) = 0 and 
      ( ) =  [1+ cosω ( −  )]     (12) 2   2 1 
Theinductorvoltageisdeterminedasfollows: 
 +  =             (13)   
       =             (14)   
 
Fig.9.Inductorchargingmode(switchon,diodeon) 
 
Solvingforthechangeofinductorcurrentwithrespecttotime: 
       () =  ( −  ) +  ( )      (15) 2  2 
Since  (2 ) istheinitialcondition,equation(15)becomes: 
 () =  ( −  ) +  [cosω ( −  )]     (16)  2   2 1 
Atwhichmarkstheendoftheinductorchargingmode, 
reachesandthetimeintervalbetweenandis: 
 ( −  ) =  ( ) =  (1− cosω ( −  ))  (17) 3 2  2   2 1  
 
D.FreewheelingMode(t3≤t≤T) 
In this mode, the circuit performs a freewheeling action. 
Thismodeismarkedbytheswitchbeingclosedandthediode 
notconducting.ThecircuitisshowninFigure10. 
 
 
Fig.10.Freewheelingmode(switchon,diodeoff) 
 
Attheendofthelaststagewhen=,thediodeturnsoff 
and the current source  runs straight into the inductor and 
transistor. The interval between  and  depends heavily on 
theswitchingfrequency.Attheendofthismodeattimet=T, 
thecyclerepeatsastheswitchisonceagainturnedoff. 
IV.COMPUTERSIMULATIONS 
 
A.ZVSQRBoostConverterDesign 
The design for the ZVS QR boost converter begins 
withdeterminingcertainparameters.Thedesignprocedurefor 
this ZVS QR converter was derived from Kazimierczuk [13] 
and Batarseh [14]. The maximum output power for the 
converter was chosen to be 12 W. The input voltage was 
selected to be 5V while the output was 12V. The converter 
needs to run in continuous conduction mode with a peak to 
peak output voltage ripple of less than 0.5%. The switching 
frequency was chosen to be 100 kHz. The minimum load 
resistancewillbegivenasapproximately,sincetheefficiency 
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 
of the converter is less than . The maximum load 
resistance was selected to be approximately twice the 
minimumloadresistanceof10.Thefollowingequationwas 
derivedin[13]forthenormalizedfrequency: 
  (18)
2π =  2  2         π + − arccos 1−   + 1− 1−   2             
Theaboveequationwas thenplottedtodevelopafamily 
of curves shown in Figure 11, which illustrates the voltage 
gain versus the normalized frequency. Figure 12 shows the 
normalizedfrequencyasafunctionofthequalityfactor,Q.
 
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Fig.11.Voltagegainversusnormalizedfrequency 
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Fig.12.Normalizedfrequencyversusqualityfactor 
 
From Figure 12, it can be determined that for an M (Vo/Vin) 
2.4,themaximumqualityfactorwouldbeQmax=2.4andthe 
minimumqualityfactorwouldbeQmin=1.4.Theapproximate 
normalized frequencies can be determined as    and 
,whichyieldstheresonancefrequency. 
  100 ×103     = = = 333      (19)  min 0.3 
Thefollowingequationsarederivedinordertohelpdetermine 
thevaluesoftheresonanceinductanceandcapacitance.
 
 10
 min   = = = 3.41   (20) ω  2π × 333×103 ×1.4 min 
 1.4 = min = = 66.9   (21) ω  2π × 333×103 ×10  min 
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The available values chosen are Lr = 3.9uH and Cr = 
0.1uF.Themaximumswitchingfrequencyisthen: 
 
 =  ×  = 0.4× 333×103 = 133    (22)max max  
 
ResultsofcomputersimulationsusingOrCADPspiceare 
shown in Figures 13 to 18. Figure 13 shows the steady state 
output voltage of 12V at 12W with its peak to peak output 
voltagerippleof41mVasshowninFigure14. 
 
 
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Fig.13.ZVSQRboostconverterPspiceoutputvoltage 
 
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Fig.15.ZVSQRboostconverterPspiceinductorcurrent 
 
Figure16showstheinductorcurrentmaximum,minimum,and 
averagevalues.Themaximumvalueisfoundtobe4A,while 
theminimumvalue is1.38A,and theaveragevalueis2.69A. 
The maximum resonant capacitor voltage can be seen in 
Figure 16. Ideally, the value should be 40.8V whereas the 
simulated result shows 38.7V. This lower value should make 
senseconsideringthenonidealnatureofthecomponents. 
The resonant inductor maximum and minimum currents, 
showninFigure17, should ideallybeequal to the maximum 
inputcurrent,andthenegativeof thatvaluerespectively.The 
 
of the converter is less than . The maximum load
resistance was selected to be approximately twice the
minimumloadresistanceof10.Thefollowingequationwas
derivedin[13]forthenormalizedfrequency:
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Theaboveequationwas thenplottedtodevelopafamily
of curves shown in Figure 11, which illustrates the voltage
gain versus the normalized frequency. Figure 12 shows the
normalizedfrequencyasafunctionofthequalityfactor,Q.
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FromFigure12, it can be determined that for anM (Vo/Vin)
2.4,themaximumqualityfactorwouldbeQmax=2.4andthe
minimumqualityfactorwouldbeQmin=1.4.Theapproximate
normalized frequencies can be determined as  and
,whichyieldstheresonancefrequency.
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Thefollowingequationsarederivedinordertohelpdetermine
thevaluesoftheresonanceinductanceandcapacitance.
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The available values chosen are Lr = 3.9uH and Cr =
0.1uF.Themaximumswitchingfrequencyisthen:

  133103334.0
3
maxmax =××=×=    (22)

ResultsofcomputersimulationsusingOrCADPspiceare
shown in Figures 13 to 18. Figure 13 shows the steady state
output voltage of 12V at 12W with its peak to peak output
voltagerippleof41mVasshowninFigure14.
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Fig.15.ZVSQRboostconverterPspiceinductorcurrent
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Figure16showstheinductorcurrentmaximum,minimum,and
averagevalues.Themaximumvalueisfoundtobe4A,while
theminimumvalue is1.38A,and theaveragevalueis2.69A.
The maximum resonant capacitor voltage can be seen in
Figure 16. Ideally, the value should be 40.8V whereas the
simulated result shows38.7V.This lowervalue shouldmake
senseconsideringthenonidealnatureofthecomponents.
The resonant inductormaximum andminimum currents,
showninFigure17, should ideallybeequal to themaximum
inputcurrent,andthenegativeof thatvaluerespectively.The
       International Conference on Intelligent and Advanced Systems 2007 
 
maximum current of the simulation seems to peak out at 
approximately 4A, but there is a transition of the maximum 
currentthatappearstohaveanaveragevalueofapproximately 
2.6A; which is close to the simulated input current value of 
2.69A. The minimum value appears to peak of at 3.82A 
whichislessthanthevalueof2.69A. 
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Fig.18.ZVSQRboostconverterPspicetotalzerovoltageswitchfeatures 
 
Figure 18 shows the overall progression of the resonant 
stageoftheZVSQRboostconverter.Itcanbeseenthatupon 
turnoff the capacitor voltage begins to rise and the inductor 
current shortly after begins to fall. This is precisely what is 
expectedtohappenandisclearlyshown. 
V.HARDWAREDESIGN 
 Muchofthisdigitalcontrolsectioncomesfromadaptations 
oftheworksin[15]–[18].Typically,foraDCDCconverter 
control system, an analog system is implemented. For this 
paper,theuseofastraightforwarddigitalcontrollerisbrought 
forth; the analog error amplifier and pulse modulator have 
been replaced by a microcontroller. The controller that was 
chosen was Microchip PIC16F684 microcontroller. The 
overalldigitalcontrolsystemcanbeseeninFigure19. 
 
 
Fig.19.DigitalZVSQRboostconvertercontrol 
 
A.FirmwareDesign 
Thefirmwarethatisimplementedforthedigitalcontrolis 
straight forward and could have been done in a number of 
different ways. The preferred method would be to use a 
comparator to monitor the feedback from the output, if this 
feedbackislessthanthesetpointthenincreasethefrequency 
byskippingapulseuntil thefeedbackreachesacontrolstate. 
Therateofthefrequencyeitherraisestheoutputvoltage,with 
anincrease;orlowerstheoutputvoltagewithadecrease. 
 
B.HardwareResults 
Figure 20 shows the circuit board for the converter. 
Although the average output voltage of 12V was achieved at 
light load, the converter could only produce 10.05V with an 
outputripplevoltageof548mVatfullload.Thisismostlydue 
to the stray components and real component’s losses not 
accountedforduringthedesign. 
Theinputcurrentthroughthemainboostinductorisshown 
inFigure21.Themaximumvalueisapproximately4Awhich 
agrees with the simulation result, but the minimum value is 
1.09Awhichislowerthanthesimulatedvalueof1.38A.The 
resonant capacitor voltage was measured to be 27.5V, as 
showninFigure22,whichislowercomparedtothesimulated 
valueof37.4V.Figure23showstheresonantinductorcurrent 
whosemaximumvalueisapproximately4A,butthetransition 
has an average value of approximately 2.5V, which is 
desirable. Finally, Figure 24 demonstrates the softswitching 
action.Astheswitchturnsoff,itsvoltageisatzero;butasthe 
switchturnsbackon,itishappeningatasmallvoltage. 
 
 
Fig.20.HardwarecircuitfortheZVSQRBoostConverter 
 
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Suppressing Inter-area Oscillations in Inter-connected 
Power Systems via Dominant Pole-Zero Analysis
Alivelu Manga Parimi R. N. Mukerjee
Department of Electrical & Electronic Engineering 
Universiti Teknologi PETRONAS, Malaysia.
Abstract Analysis of the fundamental modes of oscillation plays
a crucial role in assessment of the power system dynamic
performance and control design to suppress undesirable modes.
Multivariable state space representation overcomes some of the
hidden dynamics related difficulties. Only a small part of the
system pole spectrum is controllable-observable. Modal
approximations of the transfer function matrix using dominant
poles identified through dominant residues reduce computation
volume. Projecting the state-space on the dominant eigen space
preserves the system behaviour.
Keywords– Inter-area oscillation, modal approximation,
Dominant poles, participation factor.
I. INTRODUCTION
Right of way constraints coupled with de-regulated
operation lead to heavily loaded and stressed electric power
transmission networks, making them to exhibit complex 
dynamic system behaviour, when subjected to small or large
disturbances. Small disturbance or small signal stability is
concerned with the system response to small changes and is a
fundamental requirement for the satisfactory operation of 
power systems. Usually, the problem is one of ensuring
sufficient damping of system oscillations. The types of 
electro-mechanical oscillations usually encountered in modern 
power systems can be divided into four groups (i) Local
modes (0.7-3 Hz), (ii) Inter area modes (0.1 to 0.7 Hz), (iii)
Control modes (> 4 Hz) and (iv) Torsional modes. (> 4 Hz).
Local modes may be associated with a single power plant or a
small part of the power system and imply either oscillations
between generators in a power plant termed intra plant (1.5-3 
Hz) or oscillations between the power plant as an aggregate
with the neighboring parts of the system (0.7-1.5 Hz). Inter
area modes imply oscillations between two groups of 
synchronous machines connected by weak transmission lines.
Control modes imply oscillations due to interaction of 
controllers provided with the synchronous machines, such as
governors, exciters and the controllers provided with the
network devices such as HVDC and SVC. Torsional modes
imply oscillations due to rotational components in a turbine-
generator shaft system [1], [2], [3]. Increased interconnection
of modern power systems and de-regulated system operation
has lead to a structure of close generator groups connected to 
other groups by weak transmission lines. Such structural
changes in a system alter the characteristics and behavior of 
the system. Weak linked groups oscillate against each other in
an inter area fashion. This leads to reduced transmission
capability of the interconnected systems. Growing oscillations
eventually lead to loss of synchronism in a power system
causing either damage or making the parallel operation
infeasible. In order to prevent damage under such 
circumstances, generators may have to be disconnected from
the system, leading to escalation of disturbances or even 
blackouts. Thus sufficient damping of oscillations is important
in an interconnected power system [4], [5], [6]. Insufficient
damping may risk unbounded oscillations following faults and
other network disturbances.
To improve the damping of oscillations in power systems,
supplementary control i.e. power oscillation damping control
(POD) or power system stabilizer (PSS) is provided with the
excitation control loop of the generators, wherever required.
This provides additional damping by producing a component
of electrical torque on the rotor shaft in phase with the rotor
oscillation or rotor speed deviation [3], [4]. It injects a
supplementary signal at the voltage reference input of the
automatic voltage regulator in the excitation system loop.
PSS with local rotor speed as input are effective in damping
local modes. This implies, local modes being observable in 
the local outputs of the generators, are controllable by the
local inputs. Inter-area modes however, are controllable by a
change in the exciter reference input, only if the modes are
observable in the generator speed. Thus, means of damping
inter-area modes is limited. Efforts to improve damping ratios
associated with inter-area modes often adversely affects the
damping ratios and also frequency of oscillation associated 
with the local modes [5]. Other options to dampen low
frequency oscillations in power systems are through 
appropriate tuning of network controllers such as flexible AC 
transmission system (FACTS) devices, static var 
compensators (SVC) [6] and high voltage DC links (HVDC).
The PSS and the network controller tunings have to be
coordinated to prevent appearance of oscillations due to
interaction of these controllers.
For suppressing inter area oscillations through appropriate
compensation at suitable locations in a network, a knowledge
of the modes, their associated damping ratios, the states
contributing to these modes and the control inputs influencing
these modes, corresponding to a specific network
configuration, is a pre-requisite. In practical systems, the
system matrix will be large and determination of all the modes
will be computationally intensive. While a large
interconnected power network has numerous modes of 
oscillation, only a few of them are of interest to the analyst or
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 
 
Fig.21.HardwareInputcurrent 
 
 
Fig.22.Hardwareresonantcapacitorvoltage 
 
 
Fig.23.Hardwareresonantinductorcurrent 
 
 
Fig.24.Hardwareswitchingfrequencyandresonantcapacitorvoltage 
VI.CONCLUSION 
Themainobjectiveof thispaper was to analyze, design, 
simulate, and build a ZVS QR boost converter along with a 
brief discussion of its digital control implementation. The 
resonant converter is used to allow for a soft switching 
situationallowingforhigherswitchingfrequencyandlessEMI 
noise from the converter. In turn, this will allow the use of 
smallercomponents,mostimportantlytheinductor,whichcan 
beprohibitivelylargeinsomedesigns. 
Thedigitalcontrolallowsformoredesigncontrolaswell. 
Instead of having to rely on analog components, which can 
introduce noise, the signal may be placed into the digital 
domainandcontrolcanbeachievedwithoutintroducingnoise 
into the system. Overall, theoretical analysis, results from 
computer simulations and hardware agree with each other. 
There are some parameter values measured to be slightly 
higheror lower than theexpectedvalues;but this iscommon 
asstraylossesandcomponentsarenormallynotcountedforin 
theinitialdesign. 
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